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(54) Throttle valve

(57)  Athrottle valve for adjusting an amount of intake
air to an internal combustion engine includes throttle
shafts (32, 33; 73 - 75) disposed in an intake air passage
(13) perpendicularly across the longitudinal axis of the
air passage, and first and second valve members mount-
ed on the throttle shafts for opening/closing about the
throttle shafts independently of each other. By these first

and second valve members, there are formed main air
passages (61, 62) for causing air to flow in the intake air
passage along the longitudinal axis of the intake air pas-
sage toward the internal combustion engine and auxiliary
intake air passages (63, 64) for causing air to flow in the
intake air passage substantially perpendicularly across
the longitudinal axis of the air passage.
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Description

[0001] The present invention relates to an improve-
ment in a throttle valve.

[0002] Among the conventionally-known throttle
valves is one in the form of a disk-shaped butterfly valve
mounted on a throttle shaft. Fig. 12 is a view explanatory
of behavior of a typical example of the conventional throt-
tle valve. Throttle shaft 202 is disposed in an intake air
passage 201 perpendicularly across the longitudinal axis
of the intake air passage 201, and a throttle valve 203 is
mounted on the throttle shaft 202. As shown, an amount
of air intake is adjustable by opening the throttle valve
203. So-called "wake", comprising numerous vortex
flows, occurs in airflows near the downstream side of the
throttle valve 203, as indicated by arrows. However, the
wake, occurring near the downstream side of the throttle
valve 203, results in a great pressure drop and hence a
great fluid resistance at the downstream side of the throt-
tle valve 203. When the throttle valve 203 is opened, the
great fluid resistance prevents a sufficient amount of air
from being supplied to the combustion chamber, so that
the number of rotations of the engine can not increase
promptly. Thus, if the above-mentioned fluid resistance
can be reduced in some way or other, the number of
rotations of the engine may be allowed to increase more
promptly, which may enhance throttle response.

[0003] Further, there have been known various exam-
ples of techniques for producing a swirl in the combustion
chamber through arrangements of the air intake system
having the throttle valve disposed therein, such as (1)
the one employing a swirl control valve (see, for example,
JP-A-11-247661), (2) the one employing a swirl control
valve and a swirl port (see, for example,
JP-A-2002-235546), (3) the one employing a throttle
valve disposed upstream of a pair of air intake ports and
an inclined throttle shaft supporting the throttle valve
(see, for example, JP-A-2002-201968), and (4) the one
employing a helical port (see, for example,
JP-A-7-158459).

[0004] Fig. 13 is a diagram showing a general setup
of an intake-air swirling current producing apparatus dis-
closed in the 11-247661 publication mentioned in item
(1) above, which is particularly explanatory of the con-
ventional swirl producing technique employed therein. In
an air intake tube 210, there are provided a throttle valve
211 and swirl control valve 212 disposed downstream of
the throttle valve 211. Step motor 214, which is connected
to a rotation shaft 213 of the swirl control valve 212, is
controlled by a control unit 218 on the basis of output
signals from a throttle opening (i.e., opening degree or
opening position) sensor 215, intake air meter 216 and
engine rotation speed meter 217, to open/close the swirl
control valve 212 to thereby produce a swirl. However,
because the technique shownin Fig. 13 requires the swirl
control valve 212, shaft 213 and step motor 214 in order
to produce the swirl and particular software in order for
the control unit 218 to process the output signals from
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the throttle opening degree sensor 215, intake air meter
216 and engine rotation speed meter 217, the number
of components of the air intake system would increase,
which results in a complicated structure and increased
overall size and cost of the air intake system.

[0005] Fig. 14 is a sectional view showing an intake-air
swirling current producing apparatus disclosed in the
2002-235546 publication mentioned in item (2) above,
which is particularly explanatory of the conventional swirl
producing technique employed therein. In an air intake
tube 220, there are provided a throttle valve 221, main
and swirl ports 223 and 224 separated from each other
via a partition wall 222 downstream of the throttle valve
221, swirl control valve 225 disposed within the main port
223, and a guide fin 226 for directing intake air flows
within the main port 223 toward the swirl port 224. Ref-
erence numeral 227 represents a motor for driving the
swirl control valve 225, 228 a controller for controlling the
driving motor 227, and 229 a cylinder. However, in this
case too, because the technique shown in Fig. 14 re-
quires the partition wall 222 within the air intake tube 220,
the swirl control valve 225 and guide fin 226 within the
main port 223 in order to produce the swirl and the motor
227 and controller 228 in order to drive the swirl control
valve 225, the number of components of the air intake
system would increase, which results in a complicated
structure and increased overall size and cost of the air
intake system.

[0006] Fig.15isaviewshowing an airintake apparatus
disclosed in the 2002-201968 publication mentioned in
item (3) above, which is particularly explanatory of the
conventional swirl producing technique employed there-
in. In the air intake apparatus, as seen in section (a) of
Fig. 15, a throttle valve 233 is fixed via a throttle shaft
232 to a throttle body 231, a pair of air intake ports 237
and 238 communicate at one end with a downstream end
of a throttle bore 236 defined by the throttle body 231
and communicate at the other end with a combustion
chamber 241 through air intake valves 242. The throttle
valve 233 comprises lower and upper valve members
244 and 245.

[0007] Further, insection (b) of Fig. 15, the throttle bore
236 has a concavely-curved surface 246 over its region
that corresponds to a setting of an opening degree 6 1
from a fully-closed position to an opened position of the
valve member 245 for medium load operation. The con-
cavely-curved surface 246 is formed into a shape corre-
sponding to atrajectory of the outer periphery of the upper
valve member 245. Thus, as the throttle shaft 232 is ro-
tated slightly, the lower valve member 244 opens with
the upper valve member 245 remaining closed, so that
intake airis introduced only through the lower valve mem-
ber 244 and then flows into the combustion chamber 241
through one of the air intake ports 237 (section (a) of Fig.
15) to produce a swirl in the combustion chamber 241.
[0008] As seen in section (c) of Fig. 15, the throttle
shaft 232 is inclined at an angle 6 2 relative to an axis
line 247 interconnecting the respective centers of the air
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intake valves 242, and the axis line 247 is offset from the
center of the throttle bore 236.

[0009] With the technique of Fig. 15, only one of the
air intake ports 237 and 238 may be provided in order to
simplify the structure of the air intake system. However,
in such a case, the outlet of the air intake port 237 or 238
has to be disposed at a predetermined position offset
from the center of the combustion chamber 241, and thus,
the design freedom of the air intake system would be
significantly limited.

[0010] Furthermore, Fig. 16 is a view showing an air
intake apparatus disclosed in the 7-158459 publication
mentioned in item (4) above, which is particularly explan-
atory of the conventional swirl producing technique em-
ployed therein. In the air intake apparatus, first and sec-
ond helical ports 251 and 252 communicate with each
other in a cylinder to produce a swirl A. Reference nu-
meral 253 represents a first air intake valve for open-
ing/closing the first helical port 251, and 254 represents
a second air intake valve for opening/closing the second
helical port 252. However, with the technique of Fig. 16,
the first and second helical ports 251 and 252, each hav-
ing to have a complicated shape, can not be formed eas-
ily. Besides, the first and second helical ports 251 and
252 each have to have a sufficiently-long port length,
which tends to be disadvantageous in terms of produc-
tivity, cost, weight and air pressure.

[0011] In view of the foregoing prior art problems, it is
an object of the present invention to provide an improved
throttle valve which can effectively reduce a fluid resist-
ance to achieve an enhanced throttle response, and
which can simplify the structure of the air intake system,
reduce the weight and number of necessary components
of the air intake system, reduce the necessary length of
the air intake port and enhance the design freedom of
the air intake system, in order to produce a swirl with an
increased efficiency.

[0012] In order to accomplish the above-mentioned
object, the present invention provides a throttle valve,
mounted on a throttle shaft disposed in an intake air pas-
sage perpendicularly across the longitudinal axis of the
air passage for adjusting an amount of intake air to an
internal combustion engine, which comprises a plurality
of throttle valve components openable and closable in-
dependently of each other. In the throttle valve of the
present invention, the plurality of throttle valve compo-
nents form a main air intake port for causing air to flow
in the intake air passage along the longitudinal axis of
the air passage and an auxiliary air intake port for causing
air to flow in the intake air passage substantially perpen-
dicularly across the longitudinal axis of the air passage.
[0013] The main air intake port adjusts the amount of
intake air to the internal combustion engine, while the
auxiliary air intake port not only adjusts the amount of
intake air but also causes air to flow in such a way as to
interest the longitudinal axis of the intake air passage to
thereby produce vortex flows in the intake air passage.
Thus, the throttle valve of the present invention can pro-
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duce a swirl of an air-fuel mixture within the internal com-
bustion chamber.

[0014] Inapreferred embodiment of the presentinven-
tion, the throttle valve components are a pair of first and
second throttle valve members each having a body sec-
tion of a substantial semicircular shape, the body sec-
tions of the throttle valve members are divided from each
other on the throttle shaft with respective substantial di-
ametric edges opposed to each other along a plane per-
pendicular to the axis of the throttle shaft, and thus, the
first and second throttle valve members are pivotable
about the throttle shaft in opposite directions independ-
ently of each other. The throttle valve can produce a swirl
while adjusting the amount of intake air by causing one
of the first and second throttle valve members to pivot in
one of the directions and causing the other of the first
and second throttle valve members to pivot in the one
direction or other of the directions or to remain stationary.
[0015] Because onlythe two throttle valve components
can function as both the intake air amount adjusting sec-
tion and the swirl producing section, the presentinvention
can dispense with a separate swirl producing device like
that required by the conventional techniques and thereby
achieve structural simplification of the air intake system.
As a result, the present invention can achieve reduction
in the size, weight and number of necessary components
of the air intake system and hence reduced cost of the
air intake system. Further, the present invention can re-
duce the necessary length of the intake air passage, as
compared to the conventional throttle valves, to thereby
significantly reduce the air resistance in the intake air
passage, so that it can enhance the response of the en-
gine rotation during opening/closing operation of the
throttle valve. Further, the present invention can effec-
tively produce vortex flows by means of the two throttle
valve components, without the intake air passage having
to be positioned precisely at a particular location relative
to the combustion chamber. As a result, the present in-
vention can enhance the design freedom of the air intake
system.

[0016] Inapreferred embodimentof the presentinven-
tion, the body section of each of the first and second
throttle valve members has a blocking fin provided inte-
grally with the body section for blocking a part of the aux-
iliary airintake port of a sectorial shape formed at a down-
stream-side region of a boundary between the first and
second throttle valve members when at least one of the
first and second throttle valve members is opened.
[0017] With the provision of such blocking fins, the
throttle valve of the present invention can adjust the
amount of air passing through the auxiliary air intake port
and attain air flow amount characteristics similar to those
attained in the conventional throttle valves, so that it can
provide athrottle operation feeling similar to that provided
by the conventional throttle valves.

[0018] Certain preferred embodiments of the present
invention will hereinafter be described in detail, by way
of example only, with reference to the accompanying



5 EP 1619 371 A2 6

drawings, in which:

Fig. 1 is a view showing an air intake system em-
ploying a throttle valve according to an embodiment
of the present invention;

Fig. 2 is a front view of the throttle device of the
present invention;

Fig. 3 is a perspective view of the throttle valve of
the present invention;

Figs. 4A - 4C are views explanatory of the throttle
valve of the present invention;

Figs. 5A and 5B are first views explanatory of be-
havior of the throttle valve of the present invention,
which particularly show air flows through the throttle
valve;

Figs. 6A and 6B are second views explanatory of the
behavior of the throttle valve of the present invention;
Figs. 7A and 7B are third views explanatory of the
behavior of the throttle valve of the present invention;
Figs. 8A and 8B are fourth views explanatory of the
behavior of the throttle valve of the present invention;
Figs. 9A and 9B are first graphs comparatively show-
ing performance of the throttle valve of the present
invention;

Figs. 10A and 10B are second graphs comparatively
showing the performance of the throttle valve of the
present invention;

Figs. 11Aand 11B are views explanatory of a second
embodiment of the throttle valve of the present in-
vention;

Fig. 12 is a view explanatory of behavior of a con-
ventional throttle valve;

Fig. 13 is a diagram showing a general setup of an
intake-air swirling current producing apparatus,
which is particularly explanatory of a conventional
swirl producing technique employed therein;

Fig. 14 is a sectional view showing an intake-air swirl-
ing current producing apparatus, which is particularly
explanatory of a conventional swirl producing tech-
nique employed therein;

Fig. 15 is a view showing an air intake apparatus,
which is particularly explanatory of a conventional
swirl producing technique employed therein; and
Fig. 16 is a view showing an air intake apparatus,
which is particularly explanatory of a conventional
swirl producing technique employed therein

[0019] Referenceisinitially made to Fig. 1 showing an
air intake system, where is employed a throttle valve ac-
cording to a first embodiment of the present invention.
The air intake system 10 includes a throttle apparatus 12
provided with the throttle valve 11, and an air intake port
16 having an inlet that communicates with an intake air
passage 13 within the throttle apparatus 12 and an outlet
that communicates with a combustion chamber 14. The
air intake system 10 also includes an air intake valve 17
for opening/closing the outlet of the air intake port 16,
and a fuel emission valve 18 for emitting a jet of fuel into
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the air intake port 16. Reference numeral 21 represents
an air funnel provided on the inlet of the throttle apparatus
12, 22 an exhaust port, 23 an exhaust valve for open-
ing/closing the exhaust port 22, 24 a cylinder, and 26 a
piston reciprocatably accommodated in the cylinder 24.
[0020] Fig. 2 is a front view of the throttle apparatus
12 of the invention; in this figure, the throttle apparatus
12 is viewed from a location in front of the inlet of the
intake air passage 13. The throttle apparatus 12 includes
a cylindrical throttle body 31, throttle shafts 32 and 33
rotatably fixed on the throttle body 31 across the intake
air passage 13 in the throttle body 31, and an aligning
pin 34 for aligning the throttle shafts 32 and 33 with each
other. The throttle apparatus 12 also includes first and
second throttle valve members (or components) 37 and
38 fixed on the throttle shafts 32 and 33, respectively,
via a plurality of screws 36, two drums 41 connected to
distal ends of the corresponding throttle shafts 32 and
33, and two rods 43 connected to the corresponding
drums 41 via joints 42. The first and second throttle valve
members 37 and 38 are components constituting the
above-mentioned throttle valve 11.

[0021] Therods 43 are each connected to a not-shown
throttle grip of a two-wheel vehicle or not-shown accel-
erator pedal of a four-wheel vehicle. As the throttle grip
or accelerator pedal is operated by a human operator or
driver, the rods 43 are displaced to rotate the throttle
shafts 32 and 33 via the joints 42, so that both or either
of the first and second throttle valve members 37 and 38
is opened or closed. When both of the first and second
throttle valve members 37 and 38 are to be opened or
closed, the valve members 37 and 38 can be opened or
closed in interlocked relation or independently of each
other.

[0022] Fig. 3is a perspective view of the throttle valve
11 of the present invention. The first throttle valve mem-
ber 37 includes a cylindrical aligning member 51 having
a hole 37a for insertion therein of the above-mentioned
aligning pin 34 (see Fig. 2), a valve body section 52 in
the form of a semicircular plate secured to the cylindrical
aligning member 51, and a fan-shaped or sector-shaped
blocking fin 53 secured to the rear surface of the valve
body section 52 (i.e., downstream-side surface of the
valve body section 52 when air flows in the intake air
passage 13 having the throttle valve member 37 accom-
modated therein). Each reference numeral 55 represents
one of a plurality of holes for insertion therein of the
screws 36 to secure the first throttle valve member 37 to
the throttle shaft 32 of Fig. 2, 56 a recessed portion
formed in the outer periphery of the blocking fin 53. The
second throttle valve member 38 is constructed in the
same manner as the above-described first throttle valve
member 37 and will not be described in detail here to
avoid unnecessary duplication.

[0023] The semicircular valve body sections 52 of the
first and second throttle valve members 37 and 38 may
be provided by halving or bisecting a single disk-shaped
plate, and these first and second throttle valve members
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37 and 38 are mounted on the respective shafts 32 and
33, with their respective diametric linear edges opposed
to each other along a plane perpendicular to the throttle
shafts 32 and 33, in such a manner that the throttle valve
members 37 and 38 are openable and closable inde-
pendently of each other by pivoting about the respective
throttle shafts 32 and 33.

[0024] Figs. 4A - 4C are views explanatory of the throt-
tle valve 11 of the present invention. Fig. 4A is a side
view of the throttle valve 11, which particularly shows the
first and second throttle valve members 37 and 38 (the
second throttle valve member 38 is indicated by a heavy
line in each of Figs. 4A - 4C). In the figure, both of the
first and second throttle valve members 37 and 38 are
shown as being in a closed position.

[0025] Fig. 4B is a side view of the throttle valve 11,
which particularly shows the first throttle valve member
37 set to a throttle opening degree 6 th1 and the second
throttle valve member 38 set to a throttle opening degree
0 th2. Note that the "throttle opening degree" represents
an opening angle of the throttle valve member 37 or 38
relative to areference line 58 intersecting the longitudinal
axis of the intake air passage 13 at right angles thereto.
In the illustrated example, the first throttle valve member
37 is openable in the clockwise direction, while the sec-
ond throttle valve member 38 is openable in the counter-
clockwise direction. Hatched sections in the figure are
an auxiliary air passage 63 defined between the blocking
fin 53 of the first throttle valve member 37 and the interior
surface 13a of the intake air passage 13, and an auxiliary
air passage 64 defined between the blocking fin 53 of
the second throttle valve member 38 and the interior sur-
face 13a of the intake air passage 13. Main air passages
will be described later. These auxiliary air passages 63
and 64 extend perpendicularly to the longitudinal axis of
the intake air passage 13.

[0026] Further, Fig. 4C is a view taken in a direction of
arrow C of Fig. 4B, where hatched sections are the main
air passages 61 and 62. More specifically, the main air
passage 61 is an opening defined by the interior surface
13a of the intake air passage 13, outer periphery 37b of
the first throttle valve member 37 and outer periphery
38b of the second throttle valve member 38, while the
other main air passage 62 is an opening defined by the
interior surface 13a of the intake air passage 13, outer
periphery 37c of the first throttle valve member 37 and
outer periphery 38c of the second throttle valve member
38. These main air passages 61 and 62 extend along the
intake air passage 13.

[0027] Figs. 5A and 5B are explanatory of behavior of
the throttle valve 11 of the present invention, which are
plan views schematically showing air flows passing
through the throttle valve 11. More specifically, Fig. 5A
is a schematic plan view showing air flows in the main
air passage 61 (see also Fig. 4C) and in the auxiliary air
passage 64 when the firstand second throttle valve mem-
bers 37 and 38 are both open. Namely, between the outer
periphery 37b of the first throttle valve member 37 and
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the interior surface 13a of the air passage 13, air flows
almost linearly along the longitudinal axis of the air pas-
sage 13 as indicated by arrow A. Similarly, between the
outer periphery 38b of the second throttle valve member
38 and the interior surface 13a of the air passage 13, air
flows almost linearly along the longitudinal axis of the air
passage 13 as indicated by arrow B. Further, another
portion of the air flowing in from upstream is deflected,
substantially perpendicularly through the longitudinal ax-
is of the air passage 13, to enter and pass through the
auxiliary air passage 64, and then the air is again deflect-
ed in the downstream direction under the influence of the
air flow of arrow B, as indicated by arrow C. Still another
portion of the air flowing circumferentially along the inte-
rior surface 13a of the air passage 13 joins the down-
stream-deflected air.

[0028] Fig. 5B is a schematic plan view showing air
flows in the main air passage 62 and in the auxiliary air
passage 63; note that the main air passage 62 is located
beneath the first and second throttle valve members 37
and 38 as clearly seen in Fig. 4C. Namely, between the
outer periphery 37c of the first throttle valve member 37
and the interior surface 13a of the air passage 13, air
flows almost linearly along the air passage 13 as indicat-
ed by arrow D. Similarly, between the outer periphery
38c of the second throttle valve member 38 and the in-
terior surface 13a of the air passage 13, air flows almost
linearly along the air passage 13 as indicated by arrow
E. Further, another portion of the air flowing in from up-
stream is deflected, substantially perpendicularly
through the longitudinal axis of the air passage 13, to
enter and pass through the auxiliary air passage 63, and
then the air is again deflected in the downstream direction
under the influence of the air flow of arrow E, as indicated
by arrow F. Still another portion of the air flowing circum-
ferentially along the interior surface 13a of the air pas-
sage 13 joins the downstream-deflected air, so that the
air flow indicated by arrow F and the air flow indicated
by arrow C cooperate with each other to produce vortex
flows in the intake air passage 13 and air intake port 16
(Fig. 1) along the interior surface 13a.

[0029] Figs. 6A and 6B are second views explanatory
of the behavior of the throttle valve 11 of the present
invention, which particularly show results of tests, con-
ducted for evaluating the swirl producing performance
by the embodiment of the throttle valve 11 and a conven-
tional throttle valve; in the tests, a single air intake port
was connected to the intake air passage having the throt-
tle valve provided therein.

[0030] More specifically, Fig. 6A shows the test results
of the throttle valve 11 according to the embodiment of
the present invention when the throttle opening degrees
6 thl and 6 th2 of the first throttle valve member 37 and
second throttle valve member 38 (see also Fig. 4B) were
each setto 15° .

[0031] Airintroduced into the combustion chamber 14
through the throttle valve 11 and air intake port 16 pro-
duces in the combustion chamber 14 a swirl in a coun-
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terclockwise direction of Fig. 6A as indicated by many
arrows; long arrows H and J representatively indicate
respective directions of small arrows. Respective lengths
ofthese arrows represent vortex flow velocities in various
regions of the swirl in Fig. 6A, as well as in Figs. 6B, 7B
and 8B. The velocity of the swirl is relatively low near the
interior wall surface 24a of the cylinder 24 and increases
as adistance from the interior wall surface 24aincreases.
[0032] Fig. 6B shows the test results of the conven-
tional throttle valve in the form of a butterfly valve (i.e.,
"Comparative Example"). Various components of the
comparative example are indicated by the same refer-
ence characters as the components of the embodiment
of the present invention, for convenience of description.
In this case, the throttle opening degree was set to 30° .
Air introduced into the combustion chamber 14 through
the throttle valve 11 and air intake port 16 first flows in
opposite directions substantially along the interior wall
surface 24a of the cylinder 24 as indicated by long arrows
L and H, and then the oppositely-flowing portions of the
air impinge against each other to be deflected inwardly
toward the center of the combustion chamber 14 as in-
dicated by long arrows P and Q, thus producing no swirl.
[0033] Figs. 7A and 7B are third views explanatory of
the behavior of the throttle valve 11 of the present inven-
tion, which particularly show results of a test conducted
for evaluating the swirl producing performance by the
throttle valve 11; in the test, the air intake port 16 was
constructed of two air intake port sections 16A and 16B,
and the throttle opening degrees 6 thl and 6 th2 of the
first throttle valve member 37 and second throttle valve
member 38 were each set to 15° .

[0034] More specifically, Fig. 7A shows air flows in flow
lines (so does Fig. 8A to be explained later). Air flows in
the intake air passage 13 from the upstream side of the
throttle valve 11 to the downstream side of the throttle
valve 11 and passes through the air intake ports 16A and
16B into the combustion chamber 14.

[0035] Portion ofthe air, which has passed through the
auxiliary air passages 63 and 64 (only one of the pas-
sages 64 is shown in Fig. 7A), flows in the intake air
passage 13 in vortices at high velocity. Other portion of
the air, which has passed through the main air passages
61 and 62 (see Fig. 4C) flows in the intake air passage
13 in vortices at high velocity along with the portion of
the air having passed through the auxiliary air passages
63 and 64. Then, the air flows substantially evenly into
the two air intake port sections 16A and 16B, where the
air flows in vortices. Then, the air in the vortex state flows
into the combustion chamber 14,

[0036] Fig. 7B is a view showing the air flows of Fig.
7A along the axis line of the cylinder 24 (see also Fig. 1);
Fig. 8B to be explained later is a similar view to Fig. 7A.
When two air intake valves 17 at respective downstream
ends of the air intake ports 16A and 16B are in the opened
position, air having exited through the outlets of the air
intake port sections 16A and 16B spreads radially out-
wardly along cap portions of the air intake valves 17, to
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thereby produce big air flows that particularly include air
flows directed away from between the air intake valves
17 (like those indicated by arrows R and S in the figure).
However, in this case, no swirl is produced.

[0037] Figs. 8A and 8B are fourth views explanatory
of the behavior of the throttle valve 11 of the present
invention, which particularly show results of a test con-
ducted for evaluating the swirl producing performance
by the throttle valve 11; in the test, the air intake port 16
was constructed of two air intake port sections 16A and
16B, and the throttle opening degrees 6 thl and 6 th2 of
the first throttle valve member 37 and second throttle
valve member 38 were set to 30° and 0°, respectively.
[0038] In Fig. 8A, air, which has passed through the
auxiliary air passages 63 and 64 (only one of the pas-
sages 64 is shown in Fig. 8A), flows into the air intake
port sections 16A and 16B in vortices. More specifically,
more air flows, through the first throttle valve member 37
in the opened position, into the air intake port 16B remote
from the first throttle valve member 37 than into the air
intake port 16A, and the air flow into the air intake port
16B is higher in velocity than the air flow into the airintake
port 16A. Further, most of the air, which has passed
through the main air passages 61 and 62 (see Fig. 4C),
flows into the air intake port 16B under the influence of
the air flow having passed through the auxiliary air pas-
sages 63 and 64, with a little air flowing into the air intake
port 16A. Namely, the amount of the air flowing in the air
intake port 16B is greater than the amount of the air flow-
ing in the air intake port 16A and a swirl is effectively
produced in the combustion chamber 14 by virtue of vor-
tex flows produced in the air intake port 16B.

[0039] Fig. 8B is a view showing the air flows of Fig.
8A along the axis line of the cylinder 24 (see also Fig. 1).
The air having exited through the outlets of the air intake
port sections 16A and 16B spreads radially outwardly of
the cap portions of the air intake valves 17, to thereby
produce big air flows that particularly include air flows
directed from the air intake valve 17 of the air intake port
section 16B toward the air intake valve 17 of the air intake
port section 16A along the interior wall surface 24a (e.g.,
air flows indicated by long arrow T in the figure). The
thus-produced big air flows produce a counterclockwise
swirl within the combustion chamber 14.

[0040] In this way, the throttle valve 11 of the present
invention can produce vortices in the air intake port sec-
tions 16A and 16B, which allows a swirl to be readily
produced in the combustion chamber 14. Thus, the
present invention can achieve, with a simple construc-
tion, advantageous effects similar to those achieved by
the conventional helical port and can also reduce the
necessary length of the air intake ports as compared to
that of the conventional helical port.

[0041] Figs. 9A and 9B are first graphs comparatively
showing the performance of the throttle valve 11 of the
present invention. More specifically, Fig. 9A shows dif-
ferencesin pressure between upstream and downstream
sides of the throttle valve 11 of the present invention
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shown in Fig. 3 (i.e., "Embodiment 1" of the invention)
(indicated by a solid line in the figure) and a conventional
butterfly valve (i.e., "Comparative Example 1" of the in-
vention) (indicated as by a dotted line in the figure), rel-
ative to the throttle opening degree of the throttle valve.
Note that Embodiment 1 includes all of the components
shown in Fig. 3 except for the blocking fins 53.

[0042] Inthe graph of Fig. 9A, the vertical axis repre-
sents the pressure difference dP (measured in Pascals
or Pa), while the horizontal axis represents the throttle
opening degree 0 th (i.e., throttle opening degrees 6 thl
and 0 th2; in this case, 6 th = 6 thl = 6 th2). When the
throttle opening degree 6 th is relatively small, the pres-
sure difference dP is smaller in Embodiment 1 than in
Comparative example 1. When the throttle opening de-
gree O th is about 40° and over, the pressure differences
dP in Embodiment 1 and in Comparative Example 1 sub-
stantially equal each other and almost level off.

[0043] Fig. 9B shows air flow rates or velocities (i.e.,
flow velocities during the pressure difference measure-
ment of Fig. 9A) in Embodiment 1 and Comparative Ex-
ample 1, relative to the throttle opening degree of the
throttle valve. In the graph of Fig. 9B, the vertical axis
represents the flow velocity V (measured in m/s), while
the horizontal axis represents the throttle opening degree
6 th. When the throttle opening degree 6 th is relatively
small, the flow velocity V is higher in Embodiment 1 than
in Comparative example 1. When the throttle opening
degree 6 th is about 40° and over, the flow velocities V
in Embodiment 1 and in Comparative Example 1 sub-
stantially equal each other and almost level off.

[0044] From the foregoing, it can be seen that, even
when the throttle opening degree 6 th is relatively small,
Embodiment 1 of the present invention can increase the
overall area of the intake air passages and increase the
amount of the intake air, so that it can achieve an en-
hanced throttle response while effectively producing a
swirl.

[0045] The reason why Embodiment 1 and Compara-
tive Example 1 greatly differ from each other in the pres-
sure difference dP and flow velocity V as shown in Figs.
9A and 9B is that the auxiliary air passages as well as
the main air passages are opened in Embodiment 1 of
the throttle valve so that the overall intake air passage
areas can promptly increase while the throttle opening
degree is still small. Because of the great differences in
the pressure difference dP and flow velocity V between
Embodiment 1 and Comparative Example 1, Embodi-
ment 1 and Comparative Example 1 would greatly differ
in the intake air amount and hence in the response of the
engine rotation during operation of the throttle. As a re-
sult, the so-called throttle operation feeling will greatly
differ between Embodiment 1 and

Comparative Example 1.

[0046] Figs. 10A and 10B are second graphs compar-
atively showing the performance of the throttle valve 11

10

15

20

25

30

35

40

45

50

55

of the present invention. More specifically, Fig. 10A
shows pressure differences in pressure between the up-
stream and downstream sides of the throttle valve 11 of
the present invention (i.e., "Embodiment 2" of the inven-
tion) (indicated by a dot-and-dash line in the figure) and
the conventional butterfly valve as described above in
relation to Figs. 9A and 9B (i.e., "Comparative Example
1") (indicated by a dotted line), relative to the throttle
opening degree of the throttle valve. Embodiment 2 is
similar in construction to Embodiment 1 but different
therefrom in that it includes the blocking fins.

[0047] In the graph of Fig. 10A, the vertical axis rep-
resents the pressure difference dP (measured in Pascals
or Pa), while the horizontal axis represents the throttle
opening degree 0 th (i.e., throttle opening degrees 6 thl
and 0 th2; in this case, 0 th = 8 th1 = 6 th2).

[0048] As the throttle opening degree 6 th increases,
the pressure difference in each of Embodiment 2 and
Comparative Example 1 gradually decreases in gener-
ally the same curve. When the throttle opening degree 6
is about 40° and over, however, the pressure difference
substantially levels off in each of Embodiment 2 and
Comparative Example 1.

[0049] Fig. 10B shows air flow rates or velocities (i.e.,
flow velocities during the pressure difference measure-
ment of Fig. 10A) in Embodiment 2 and Comparative
Example 1, relative to the throttle opening degree of the
throttle valve. In the graph of Fig. 10B, the vertical axis
represents the flow velocity V (measured in m/s), while
the horizontal axis represents the throttle opening degree
0 th. As the throttle opening degree 8 th increases, the
flow velocity in each of Embodiment 2 and Comparative
Example 1 gradually increases in generally the same
curve. When the throttle opening degree 6 is about 40°
and over, however, the flow velocity substantially levels
offin each of Embodiment 2 and Comparative Example 1.
[0050] As seen in Figs. 10A and 10B, Embodiment 2,
including the blocking fins, can achieve a pressure dif-
ference dP and flow velocity V similar to those achieved
by the conventional throttle valve (Comparative Example
1) and effectively produce a swirl as in Embodiment 1
while providing a throttle operation feeling similar to that
provided by the conventional throttle valve (Comparative
Example 1).

[0051] Ashasbeendescribed above inrelation to Figs.
2 and 4A - 4C, the throttle valve 11 according to the first
embodiment of the present invention, which is fixed on
the throttle shafts 32 and 33, disposed perpendicularly
through the longitudinal axis of the intake air passage
13, for adjusting the amount of intake air to the internal
combustion engine, is characterized in that it comprises
the first and second throttle valve members 37 and 38
as two throttle valve components openable and closable
independently of each other, and in that the throttle valve
components 37 and 38 together form the main air pas-
sages 61 and 62 as main air intake ports for causing air
to flow along the intake air passage 13 and the auxiliary
air passages 63 and 64 as auxiliary air intake ports for



13 EP 1619 371 A2 14

causing air to flow perpendicularly through the longitudi-
nal axis of the intake air passage 13.

[0052] By the main air passages 61 and 62 adjusting
the amount of intake air to the internal combustion engine
and the auxiliary air passages 63 and 64 not only adjust-
ing the amount of intake air but also causing the air to
flow in such a way as to interest the longitudinal axis of
the intake air passage 13 atright angles thereto, the throt-
tle valve 11 of the present invention can produce a swirl
of an air-fuel mixture within the internal combustion
chamber 14 (see Fig. 1). In this way, the throttle valve
11 of the presentinvention can effectively promote mixing
of the fuel and air to thereby promote the combustion.
As a result, the throttle valve 11 of the present invention
permits output enhancement, exhaust gas purification,
reduction in the fuel consumption rate, etc.

[0053] The present invention is also characterized in
that the throttle valve members (components) 37 and 38
include their respective semicircular valve body sections
52 fixed on the throttle shafts 32 and 33 with their respec-
tive diametric linear edges opposed to each other along
the plane perpendicular to the throttle shafts 32 and 33
and pivotable in opposite directions about the corre-
sponding throttle shafts 32 and 33. The throttle valve 11
of the present invention can produce a swirl while appro-
priately adjusting the intake air amount, by pivoting one
of the first and throttle valve members 37 or 38 in the
forward direction while pivoting the other throttle valve
member 38 or 37 in the forward or reverse direction or
keeping the other throttle valve member 38 or 37 in a
stationary state.

[0054] Because the two throttle valve components 37
and 38 function as both the intake air amount adjusting
means and the swirl producing means, the present in-
vention can dispense with a separate swirl producing de-
vice and thereby permits structural simplification of the
air intake system 10 (see Fig. 1). As a result, the present
invention can achieve reduction in the size, weight and
number of necessary components of the air intake sys-
tem 10 and hence reduced cost of the air intake system
10. Further, the present invention can reduce the neces-
sary length of the intake air passage 13 to thereby sig-
nificantly reduce an undesired intake air resistance.
[0055] The present invention is also characterized in
that the blocking fin 53 is provided integrally on each of
the semicircular valve body sections 52 for blocking part
of the corresponding auxiliary air intake port 63 or 64 of
a sectorial shape that is formed in the downstream-side
region of the boundary between the firstand second throt-
tle valve members 37 and 38 when the throttle valve
members 37 and 38 are opened. With the provision of
such blocking fins 53, the throttle valve 11 of the present
invention can adjust the amount of air passing through
the auxiliary air intake ports 63 and 64 and thereby attain
air flow amount characteristics similar to those attained
by the conventional throttle valve, so that it can provide
a throttle operation feeling similar to that provided by the
conventional throttle valve.
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[0056] The first and second throttle valve members 37
and 38 in the first embodiment of the present invention
have been described as being in the form of bisected
components divided from each other along the plane per-
pendicular to the throttle shafts 32 and 33. Alternatively,
the first and second throttle valve members 37 and 38
may be in the form of two components of any other suit-
able shape and size that are divided from each other
along a plane inclined at any suitable angle relative to
the throttle shafts. In another alternative, the throttle valve
members 37 and 38 may be in the form of two compo-
nents of different sizes or shapes that are divided each
other along the plane perpendicular to the throttle shafts.
[0057] Figs. 11A and 11B are views explanatory of an-
other or second embodiment of the throttle valve of the
presentinvention. Fig. 11Ais a sectional view of the throt-
tle valve 70 of the invention, which includes first, second
and third throttle shafts 73, 74 and 75 rotatably fixed to
a throttle body 71 via respective bearings and first, sec-
ond and third fan-shaped or sector-shaped throttle valve
members 81, 82 and 83 fixed on the first, second and
third throttle shafts 73, 74 and 75, respectively, by means
of screws 77.

[0058] The above-mentioned first, second and third
throttle valve members 81, 82 and 83 thus mounted to-
gether constitute a throttle valve 85. Note that the first,
second and third throttle valve members 81, 82 and 83
may be provided by dividing a single disk-shaped plate
atequal angularintervals of 120° into three equal sectors.
[0059] Fig. 11Bis aview showing a state of the throttle
valve 70 in which the first, second and third throttle valve
members 81, 82 and 83 are opened by rotating the re-
spective first, second and third throttle shafts 73, 74 and
75 through the same angle in the same direction.
[0060] Intheillustrated example of Fig. 11B, reference
numeral 87 represents a first main air passage formed
between an interior surface 71a of the throttle body 71
and an outer periphery 81a of the first throttle valve mem-
ber 81, 88 represents a second main air passage formed
between the interior surface 71a and an outer periphery
82a of the second throttle valve member 82, and 89 rep-
resents a third main air passage formed between the
interior surface 71a and an outer periphery 83a of the
third throttle valve member 83. Reference numeral 92
represents a first auxiliary air passage formed between
a radially-extending side edge 81c of the first throttle
valve member 81 and a radially-extending side edge 82c
of the second throttle valve member 82, 93 represents a
second auxiliary air passage formed between a radial-
ly-extending side edge 82c of the second throttle valve
member 82 and a radially-extending side edge 83b of
the third throttle valve member 83, and 94 represents a
third auxiliary air passage formed between a radially-ex-
tending side edge 83c of the third throttle valve member
83 and a radially-extending side edge 81b of the first
throttle valve member 81. Further, reference numeral 96
represents an air passage formed between the interior
surface 71a of the throttle body 71 and the first auxiliary
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air passage 92, 97 represents an air passage formed
between the interior surface 71a and the second auxiliary
air passage 93, and 98 represents an air passage formed
between the interior surface 71a and the third auxiliary
air passage 94.

[0061] Whereas the throttle valve members 81- 83 in
the second embodiment have been described as being
in the form of trisected sectorial components divided from
each other at equal angular intervals of 120° , the three
valve members 81 - 83 may be in the form of sectorial
components having their respective center angles of, for
example, 180°, 90° and 90° . Further, the three valve
members 81 - 83 may be opened to different throttle
opening degrees (or positions) rather than the same
throttle opening degree as illustrated. Furthermore, the
throttle shafts 73 - 75 may be turned in different directions
to open the three valve members 81 - 83.

[0062] Athrottle valve for adjusting an amount of intake
air to an internal combustion engine includes throttle
shafts (32, 33; 73 - 75) disposed in an intake air passage
(13) perpendicularly across the longitudinal axis of the
air passage, and first and second valve members mount-
ed on the throttle shafts for opening/closing about the
throttle shafts independently of each other. By these first
and second valve members, there are formed main air
passages (61, 62) for causing air to flow in the intake air
passage along the longitudinal axis of the intake air pas-
sage toward the internal combustion engine and auxiliary
intake air passages (63, 64) for causing air to flow in the
intake air passage substantially perpendicularly across
the longitudinal axis of the air passage.

Claims

1. Athrottle valve (11, 70), mounted on a throttle shaft
(32, 33; 73 - 75) disposed in an intake air passage
(13) perpendicularly across a longitudinal axis of the
air passage (13), for adjusting an amount of intake
air to an internal combustion engine, said throttle
valve comprising
a plurality of throttle valve components (37, 38; 81 -
83) openable and closable independently of each
other,
wherein said plurality of throttle valve components
form amain airintake port (61, 62; 87 - 89) for causing
air to flow in the intake air passage along the longi-
tudinal axis of the air passage and an auxiliary air
intake port (63, 64; 92 - 94) for causing air to flow in
the intake air passage substantially perpendicularly
across the longitudinal axis of the air passage.

2. The throttle valve of claim 1 wherein said plurality of
throttle valve components are a pair of first and sec-
ond throttle valve members (37, 38) with respective
body sections (52) each having a substantial semi-
circular shape, the body portions of the throttle valve
members being divided from each other on said
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10

throttle shaft, along a plane perpendicular to an axis
of said throttle shaft, in such a manner that said first
and second throttle valve members are pivotable
about said throttle shaft in opposite directions inde-
pendently of each other, and

wherein said throttle valve (11) can produce a swirl
while adjusting the amount of intake air by causing
one of said first and second throttle valve members
to pivot in one of the directions and causing other of
said first and second throttle valve members to pivot
in the one direction or other of the directions or to
remain stationary.

The throttle valve of claim 2 wherein the body section
(52) of each of said first and second throttle valve
members (37, 38) has a blocking fin (53) provided
integrally with the body section for blocking a part of
the auxiliary air intake port of a sectorial shape
formed at a downstream-side region of a boundary
between said first and second throttle valve mem-
bers when at least one of said first and second throt-
tle valve members is opened.
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